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Abstract of JP9083086 

PROBLEM TO BE SOLVED: To provide a high 
performance semiconductor light emitting 
element which can emit blue or green light 
using a ll-VI compound semiconductor and a 
fabrication method thereof using metal organic 
CVD system. SOLUTION: In a semiconductor 
laser employing R-VI compound 
semiconductor, the n-side clad layer 
comprises a nondoped or lightly doped n-type 
ZnMgSSe layer 4 and an n-type ZnSSe layer 3 
formed sequentially from an active layer 6 
while the p-side clad layer comprises a 
nondoped or lightly doped p-type ZnMgSSe 
layer 8 and an p-type ZnSSe layer 9 formed 
sequentially from the active layer 6. The ll-VI 
compound semiconductor layer constituting 
the semiconductor laser is grown by metal 
organic CVD system. The surface of 
underlying layer is irradiated with light during 
growth of n-type ZnSe buffer layer 2, n-type 
ZnSSe layer 3, p-type ZnSSe layer 9 and p- 
type ZnSe contact layer 10. 
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[ff**l] nW<D#7y Kit pil<7)^7 7 Kgi 

Kg. ±Ep4flOO*7s> KB*5J:U5±IBfflH4JBttI I - 
V I 1M:*ta*m#t*httZ*mi*&±X¥\z&\ f *Xs 
iEnW^y Kg:fc.fct*±Ep{lfl<Z>^7 5> KIO? 

Zni-p Mgp Sq Sei-q g (fcfcU 0 < p ^ 1 
i-u a (fc*:U OSu<l) ilCj^fcfifcSjh/C^S 

w i tirz *m&&±m* 0 

[fit** 2] lE-*W^7y KJI 3 0 0 n 

Ji-Cfc £ ^ t i i-*f8** 1 fe«fcO#i&#:3g 

[it**3] JilBZni-p Mgp Sq Sei-q gOl? 
$ tt 2 0 0 n mj^T-CfcS r t $r#8* i 1~ Sfii** 1 IS 

[fl**4] JblEZm-p Mgp Sq Sei-q fOf 
Sttl 0 0 nmJ^Tt?*>SwiS:#»i:i-5BI*:J«l|a 

[it** 5] ±|E— -ftnt?? KgttpffiOO^^ K 
gT£>9 N _bfBZni-p Mgp Sq Sei-q gta/^K 
tttft^*fi**ao p i-Cfc 5 , JilEZnSu S 
ei-u gttpfflTfcS^i*#mi1-*M**iE«a> 

[it** 6] -LE— *<B*9* KJirinWO^^y K 
g-e&>9, _hBSZni-p Mgp Sq Sei-q Itt;yK 
-^fclifi^ftSSronS-CfcD, ±|BZnSu S 
ei-u gttnSTfc*:ii£#»i1-a»**iEttO 

[H#«7] ±ISn«0^7y K« i JiESttJI i 0> 

j: uu:E P mo * ^ v Kg i ±iB^ttg i <nmz* 

Sei-v (fcfcU 0^ v< i) *>&feS%WttJ|*sB: 
it & tbT V % £ c i i i- £f«** 1 iB«fctf>a£ii|{«S 

[W**8] JilSZnSv Sei-v a»£><tS#i»&g 
OffSttl 0 0 nm^-bT?*>SCifc#*i:i-S»ll3ftJS 

■IB** 9 1 nKO^?*; KIipi(^^7 7 KJIi 
OBfc«ttJI«r»4SA/«l(IS»«r*L, 
±!2n«0^7!x Kg, ±Bp«j©^?y Kg*3.fctf± 
Efi&tegte I I -V I Mtfb'frMWflc^&ft 9 , 
JbEnMO^y Kg*5J:UU:Ep«o*7y Kg£>5 
H-*^7y KJIsfts, ±BiEH£JI^&JL 

Zni-p Mgp Sq Sei-q g (fc**U 0 < p ^ 1 j&» 
i-u g (fcEU 0^u<l) i^J;9fl|fi£$nTV>S 
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±IEZni- P Mgp Sq Sei-q |^(OiOH^> 
*< i t>±EZ n Su S ei-u gOfi£S4»^T%*ffitC 
**:H«*-J- 5J:piafc:i £#m i 1" 5 

Iff**l0] ±B*Oat*A^*— li±EZ n Su S 
ei-u K#t 5'^a*^-tt±'e*SI i lr 

/0 #m i ** 9 E*o¥*#S5te*^o§gfc#ifc 0 
[»**1 1] JzE*tt*^*-C«>5Ci*»«ii- 
*»** 9 E«0^*fr«*Jg^O«ig^fe 0 

[0 0 0 1 ] 

*5J:tK*o«iajM6irBiU mz* I I-VlR^ft 
[0 0 0 2] 

i-SE«/^oW«mt*fciiiKj)?|ftft<bofc«>^, 

[0 0 0 3] roJ:5 4*fe*v^L*fe"C3B5fepTlB*^ 
WfW8*»^fl!>«JHc»v^tmi LTtt, I I -V I 

-VIIib^»#mZnMgSSell ZnS 
e-^Z n S S e Iwtfc^T*^ fc^V K y J: U<ft 

50 V^$Fr^£#-f £<£>T\ Sf4 0 0-5 5 0 nmf(Df 
ft4v*UMM>aN**i — 1f-SrG a A s »Rfc«v*-C 
•Bti-«i*©^9y K»©tmfc*L-C*5«K A»ft 
» TK D£fc#te:fc J: VjfcB Di&«>#ttSr»5 w i 
#-e*S (d)Electron. Lett. 28. 1798(1992)) e 

:«)ZnMiSSe|^?yKllcnv«iH(# 
U— If-lcBBLrai-eroakftdJjfcSJxfcttJft, ZnCd 
S ei^t®, ZnSSeltr««U % ZnMgS 
Sei«r^9y KlttSZnCdSe/ZnSSe/ 
ZnMgSSe SCH (Separate Confinement Heter 

4(9 ostructure) »ISO^a»ft:L — 1F—[z&\,^X . tiWL'CM 

ata-ei«PlH<Oit«3BlB* s ««Sixrv^5 ((Z)Jpn. J. 

Appl. Phys. 33, L9380994) s (3) IEEE Lasers and E 
lectro-Optics Society's Annual Meeting. Boston. 199 
4.PDP 1.1). 

[0 0 0 4] 

[«W#**LJ:5i1-*««] ±^«t9 
i:ZnMg SS elSr^7y Kll:ffiv^«*l:tt, t 
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nMg S S ei^l^fixt^^- (MB 
j£A (MOCVD) &^it^i^t)IWj^!C^&t?) 

mmxhz> 0 

[0 0 0 5] ±&(Dr$M&m 7 LT&ibX&W1r 

mtiotlsX&m (N) ^K-/$tlfcZnMgSSeO 

d (*l£:U Na l±Ti?±zf?mm. Nd teK-*--& 
S) ^OiS^^^-T (Appl. Phys. Lett. 64. 904(199 
4)) e m7XV. ZnMgSSe^m^Eg 

oCoilt, &%}T?-ty*mmNA -No ^^{-^ 
'>-T5:i£:^fc>;6>!K :WZnMgSSe«« 
8S:lwii3!?Dt-5-2:$rS^*r5o ^OP^Ili, ZnMgS 

[0 0 0 6] ZnMgSSel:7^ir^ffi 
LTNSr h'-Zfl-Zm&lz^^XXhZtK ZnM 
gSSel: K^-**fc&)2r K-/foI^i:o^tt, 

[ooo7] t^oT, &##*^y 
i i -v imit^^m^m^ti^&^^m 

[0 0 0 8] 

May^yyVm. p tffltf^ 7 v Kg*5 JiWSteJlte I I 

Mgp S Q Sei-q m (fcfc*t, 0<p^ldo0^q 
£l) i:WWK-^iltZnS« Sei-u € (1t 
«U 0Su<i) ti-J: 9raj&$;ftTi>£;L££#» 

[0 0 0 9] ^0^^0^10^^*5V>Tfi, ft»4 
y TBS £i*fc#te:fc£t«;^ C5&«)«tt«r»Sft» 
Zni-p Mgp Sq Sei-q ItZnSu Se 
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Zni-p Mgp Sq Sei-q I^ZnSu Sei-u Mb 
V>m£l±&&lZl&KXmtZ1nZ> 0 w^Zm-p Mg P S 

q sei-q mnmzte. z<r>mmfc<nm$L*m*>&i& 

ItlOOn m£ATtC®«:tbSo 

[0 0 10] w^Oll^{:*5V^ Zni-p 
Mgp Sq Sei-q itZnSu Sei-u ^t\z£Vffi 

W\ Zni-p Mgp Sq Sei-q Utt/^K— 
70 «*tt*»a^DpS!-Cfc!!K ZnSu Sei-u gtep§J 
*C£>5 0 Zni-p Mgp Sq Sei-q ItZnS 

u Sei-u Skfc&vmi&ZtlZfyv KSdSnfflyo^ 
7 y KS'C&S^'g'^tax Zm-pMgp Sq Sei-q 
illy ^ K-^*fclifi5F«»M©ni^fc 5 , Zn 
Su S ei-u mi*nMXhZ 0 

[ooii] z<Dmw<Dmi<n&w<D--nffitei&\zi&\,* 

Ttt. p {RIOTS' KSj&V ^K-^Sfctt^tttttfte 
HS^K-y^tepiOZni-p Mgp Sq Sei-q 
ibl^ZnSu S ei-u mt\ZX Vffi&LZtlZb b 

ISl:K-/^fcnS^Zni.p Mgp Sq Sei-q 
ItniOZnSu S ei-o ItCJ: t)«tic;S*bS. 

[0012] z<D#w<Dmi<D&w<DmM$)ti:-nmM 

P«W9y KB iStti t OBI^ Jxf ixy y K-^ 
^fcliWW^W^iltZDSv Sei-v (fcfc? 

U o^v<i) t>**>te*±m&m&&tt*>tiz 0 

T\ rcoZnSv Sei-v d»e><tS**«*Off$tt, 

50 5 WU #S»-tel 0 0 nmWCfo^c 

[0 0 13] :^^0|2«ll nW<D?7y}? 
Mb pWcotvy KSi:OMt^^S^ti$^^«ig€r 

BttI I -V I Se<b-&te^**^e>*?), nWVfvy 

fvvVmtK m&mt>*bFLXM\z. J v K-:/*fctt* 
^^ftg|: K-^^iltZ ni-p Mgp Sq Se 
i-q € (fct'U 0<p^ld^0^q^l) 2:7tt« 
^K-^SilfcZnSu Sei-u M (fc*TU 0^u< 

40 i) b\z±vm&ztix^z¥mft&ytm*<Dmmij&: 

tfeot, ntKIO*^* KH, pffiOO^ yy h'S&XXf 

ni-p Mgp S Q Sei-q I^Ol^)H^<t 
UnS« S ei-u»(Otf:*+H:T»*B^*«rHa»i- 

[0 0 14] r^W(0»2 03gWtc*5V^, Tife^® 
CiMt^ft^^^/^-li, »S^JiZnSu Se 

50 [0 0 15] w^Wt^VN-C, I I-VIl^W 
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»fm % (Zn) . A (Mg) , 27KS 

*A (Cd) , 7fc& (Hg) *5£tP<y y (Be) 

irU-^ (Se) . fi£St (S) *5«fctf7VWU (T 
[0016] JiiEoJ: ptc«^^tvfeco^^omi o 

WfiSSi:K-/$^fcZni-p Mgp S Q Sei-q 
iiWSl^K^^tltZnSu Sei-u i^(CJ:9 

i-p Mgp s Q sei-qB^itcj:^ 

£ e Zni-p Mgp Sq Sei-q lliyyK-^ 

m-p Mgp Sq Sei-q B^CD^ii*&^Oii52&g 

MgM)tp«t^Zni-p Mgp 
Sq Sei-q Jl£/I3v>5w£ t>-C#5 0 — £\ :©Zn 
i-p Mgp Sq Sei-q Btt. y^K-^tfcJi^H* 

ZnSu Sei-u m\ttnV0&h'-Zf£tl1Zt<D-? 

m-p Mgp Sq Sei-q B Z+ftlzB < £ * 4 2f 
[0 0 17] iS.1t. ±&<D£ 9 IwfllEfc £ ftfc. * CD$g W <0 
li, '>4<ktZnS» Sei-u Soj**+fcT*3ftffi 

[0 0 18] 

[0019] Hitt^.oaswo-iiis^ttii.ts^igflc 

5o r.o*16»«^J:S^W#:u-lf-tt % SCHiffit 
[0020] El 1 te*i"J: 0 :^IMi:<t5^ 
y = > (S i ) # K— ^S*Lfc (1 00) MOnl 



(4) ^l?9-8 3 0 8 6 

<5 

GaAsISlil:, Kt-^«»iLT«ttf3!>» 
(I) dSK-y$tlfcnIZnSeAy7r§2, K*^ 
-^tt*i: I & K-^SJxfc ngZ nS«S 

ei-u TV9 — 99v¥MZ+ /^K-^ilZn 
i-p Mgp Sq S ei-q^^t-^ 7 ^ KB 4 , J > K 
-^i!ZnSe*IM5, K-^Zn 
C d S e*»&tt£81£B6* />K-^iiZnSe 
*i^i7, /yK-^i®Zni-p Mgp Sq S e 
i-q -fyt-^7yK!8, T?±zf?7tmmkl,xm 
10 (N) ^K-^ilfcplZnSu Sei-u T 

KB9*3«tt^T^-fe^^^ttfti: It^Ji 
ff Ntf K— ^StbfcpSlZ n S e 1 0 ^ffi 

*«BS;rVCV*S 0 

[0021] piZnSea^nil O-blrte, — 
JfrfflfcBtti-S* h9^/ttO§l|p 1 1 a S:*i-Slft» 
li ia*Rttfcjh/o*s 0 i«t«*.tf#9 
S Kfc± 0?I2J$3*vS«, :^%SIl i*5*Wt<oM 

P 1 1 a <DMft<OvmZ n S e aV** hB 1 0 <D±@ 

20 Ltt4«x.tf& (au) mM&m^hhz>o z<Dpwn 

mi 2tmn 11a SrilDTpglZ nSe=J>-*^hB 
1 ot:: f LT^*ffd#BaE0>BK2:4 9, w 

GaAsSSlOMttt, nB««l 3*5»ttfeixT 

[0 0 2 2] :©8^ iMZnS eft&&m5&£tf 

i ® Z n S e 3fe*«B 7 OffllCT > K-^Z n C d S e 
^fe 45Stti 6 i«»4 $ iiifctaic J: *) Z n Se/Z 
n C d S e *-**#F«»#W*SiX-CV*S. 
50 [0 0 2 3] nMZnSu Sei-u 7!)^-^7yKi 

3, ilZni-p Mgp Sq Sei-q *f ^ 7 y K 

14, ilZni-p Mgp Sq Sei-q -f ^77 

KB 8, pSZnSu Sei-u 7^^-^7y KI9 
tt, n 9G a A s Sfi 1 2: 15ff«ilc*f8#t 5 J: 5 
fc»ja#BWBl-C^a. ftttttfcWu niZnS« Se 
1-0 T & —2 7 y KB SJJ.t^pIZn Su Sei-u 

T*?*—9 *7v KB9 0SflU&Jtutto. oetltf 

*U ilZm-p Mgp Sq Sei-q ^ 7*; K 

i4joit5ilZni-p Mgp Sq Sei-q ^t»^ 
-/o KB 8 OM g HUStt; p *3 J: 0 s S <aj$Jfc q fi-tix^ix 
0. 0 7*5-±t*o. l^-il^^i^Tv^5o 

[0 0 2 4] niZn Se/<777«20Ktt 

teti!2 0nms nlZnSu Sei-u 7^-^77 
KB3*3j:t5paZn Su Sei-u 7 9^7yKi 
9 0JS$te^£tf<£jh,-e*L5 0 0 nm, ifZni-p M 
gp Sq Sen ^yt-^77 KB 4*3 Jl^iiZn 
i-p Mgp Sq Sei-q -<>"*-— ^7^/ KB8CDJ?$ti 
«ttf*Jlfil6 0nin, iS!Zn S e*W«B5*5j: 
t^iSZn Se*B»B7»BSW[«*.tf**t^iXI 2 
50 Onm, Sti 6 ^rMf ^ Z n C d S eIO«$)i(flJ 
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Jltfennu piZnSe3^nilO©«li(! 

[0 0 2 5] naZnSe/<y7ri2j3j:i;nSZn 
Su Sei-u T?*-* yv KJB 3 (OtH Kt-*tN 
D -Na ttffi|^.«ttb^*L5 X 1 O 17 cm- 3 tfc5o P 
iZnSu Sei-u 7?^-^7yKl9*3«tt) t plZ 
n S e a M 1 0©t»T^ t^SKNA -N 

d f^Jil^ixftll x 1 0 16 cm- 3 ^±Tfc5o 

[0 0 2 6] CO-HiS^lgl-J:^^»«:u-if-t-*5 
V N Tfi, ilZni-p Mgp Sq Sei-q ^^^"—^7 
y KH4*5«fcTJ< i SJZ ni-p Mgp Sq Sei-q 

Z ni-p Mgp Sq S ei-q -f £ 77 KS4*5«t 

U^iSZni-p MgpSq Sei-q ^t-^7yKi 

£5, Itl^OiSZni-p Mgp Sq Sei-q << 

Kl4*5J:t) ; ilZni-p Mgp Sq Sei-q 

KJi 8*4^^***5 6 OnmH^l: 

So U^t^x nSZnSu Sei-u 7>M7yKl 
3fcJ:^piZnSu Sei-u 7 9^7yKl9tt 
+^l^1g^tt5>l^^-e§5 0 I^aot, ntt 

So 

[0 0 2 7] Rfc, ±&oJ: 5fc«rilS*ufcro*H* 

[0 0 2 8] £1\ (10 0) MOnfGaAsS 
*5l U IOnlGaAsMl«t«Mfb 

;*?y£A (KOH) <0**« (KOH»St4 2fiS%) 

iGaAs Xfi 1 8r« t fiftEMO C V DSt Oftfig 

m (H2 ) ^i^^Jx.lf6 0 0t, 15^#T 

[0 0 2 9] coJ:5^br*ffi»iMt;«ia«rff 

ofcnSGaAsS^lJbi:, MOCVDfeCJ:^ n 
lZnSe/<5/7 7 l2, niZnSu Sei-u 
-^7y Ki3, i^Zni-p Mgp Sq Sei-q Y ^ 
t^7yK!4, iSZnSeMi5, /^K- 
^ZnCdSeH*5IStti6, iSZnSetm 
^7, iiZni-p Mgp Sq Sei-q ^f^t-^7y 
KJ18, plZnS«Sei-« 7^-^77Ki9i3 
J:0plZnSe=y^^ hill 0 -fr 5. 

[0 0 3 0] z<DMOCVDmc±z>&&\ztei,^xte. 
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ZnJS»i b-C«Atf^^3E» (DMZn) , Cd 
H»hVX9t*.tili? h'ZVJ* (DMCd) , S 

mmtLxmTL^^^n (des) % M&gu&b 

A ( (Me Cp) 2 Mg) , S eiRSfc LTtWitf^* 
f^tl/y (DMSe) *rffll*S 0 K-*—- 
T?$>5 I o K— b £ LTttWx-tf a *<fca^/u (E 

ITWJtli^y^p^r (Di-PNH) €r 

[0 0 3 1 ] infe^BO**Ja«tt^ niZn 

Se^y77l2*5j:t) J niZnSu Sei-u T£* — 
*7 y KS3tt0llx.fi -ttt-ett 3 6 or, iiZni-p 
Mgp Sq Sei-q -fyf-^7^ KI4, ilZnS 
eltmmms. iSZnSe^iT^^ilZn 

1-p Mgp Sq Sei-q ^>"f-^ 7!X KJi 8 

*hfjl4 8 0t, pSZnSu Sei-u TV9-ty 
V K§9^J:^plZ n S e =i>^* M§1 0 
^3x^*1,3 3 Ot^ />K^ZnCdSed^/j:5i 

[0 0 3 2] r<7}J#-a\ n§jZnSe'< 

77rl2, nlZnSu S ei-u7^-^7y KS 
3 N pSZnSu Sei-u T*? # — # 7 V KM 9*5 Jit* 
pSZ n S e =3>-*^ 1 OCO^^rtt, 0l];ik£iiS£;k 

(ftf3 6 5 nm) ) «r^OT**ffi«wRR«* Ltt^feff 

«fc 0. JbS6©«t 9^ nSZnSe^y77l2t5j:U! 
niZnS« Sei-u 7«)^7y Ki3(DSfiaS 
50 Ii3 6 0t, plZnSu Sei-u T£*-*75>KJ§ 
9*5 <fctf pgjZ n S e YM\ 0 ©JsSfitatftt 3 

oiS* AK tcj&fti&S 
p l l a Z&irZtmm 1 1 

[0 0 3 4] ft^, l^iOT^P 1UO 

40 gfl#tf> piZnSe^^nilO 0^ffilC«X.tfA 

ui^Mltpltii 2*SA1-S. 

nSG a A s Sfi 1 OlSC nHHtCl 3 

[0 0 3 5] fctc, eiioj: 5 I- It I"-*— *t#* 

S^ilfcnlGaAsSfil LTR*fi 

[0 0 3 6] 12121*. wWiWilCiS^U- if 
0#«>fc«*«r^1\ 0 2 Oolite, #fifl»^A^S 

50 it^*»oi^BBi£W*#rti«>m*'«* h/H&#<Drsi 



-5- 



9 

(I Ey | 2 ) TfeSo fc«U £©fUtfc*IV*-CWU 
Z nCd S e 6 ©J* SttiMfl 0 nmJ£t 

Z n S e ftigffitJl 5 43 <fctf ilZnSe 7 
^f^^lOOnmtLfco £ <bf^ iSZni-pM 
g P Sq Sei-g ^yf-^7y Kl4fc«t^i^Zn 
l-p Mgp SqSei.q 7 Kf8 0l^ 

112. 6 2, iSZnSe*»»l5, 7 toMtitm* 
2. 73tlt 0 

[0 0 3 7] B2a*6>fc>a>3J;5fc % 
^2 3 0nmtfc5 o :^8^ ilZnSet«S§ 
5*5J:t^iaZnSe*»j6JB7 0'frfi-.<D»$3ftSi 0 0 
nmtfeSOT, iiZni> P Mgp Sq S 

ei-q ^>t-^7^Kl4^J:^Zni-p Mgp Sq 

5 ei-q KJl8fc**L«x6 5 nmfo 

i-p Mgp Sq S ei-q^yf- ^ 7? KJi4*3«tt) ! i 
!Zni-p Mgp Sq Sei-q << ? y KJ1 8 <D 

»-C*>9, lOOnmfenmWc fc*5, 

6 £r A*vfc*&i::tiu SfclcftBB ft 

[0 0 3 8] niZnSe/<y77f 
2, nlZnSu Sei-u T£* — ^7y KS3, pU 
ZnSu Sei-u 7j?^-^7yKB9*3J:tJtplZn 
Se h»l 0Ofifcfttt*oT*Mtffilc**flRI* 

Wfc^NO K— h t LTD i -PNHSr^^tt 
I^htplZnSeny^^ FIlOCo^TIt N 

[0 0 3 9] 1-*2t>t>. (21 3 SeM-Cfc6DMS 
e, ZnM-efcSDMZn, N©K-^ht?fcSD 
i-PNH^Ii^^2 2/imo 1/^, 11^ 
mo l/#*5«fcttl 1 Amo 1 £I&S^r3 3 0 

SrO. lraW/cm 2 niG a A s mm±\Z.ytm 

&&ft\<^frtb>pMZ n S em&f&g:£ J £tinm<Dm£ 
*rp)ON»*«:-ft-<^>K*4>#f (S IMS) 
0W*Lfc«*«:*1\ H3J:D, M^N^l 0 ,s c 

wWll, <fct>fEL<te, n^Ga AsfflKJbKy' W 
K-^ZnSe/<5/7 7 l, plZnSei, y^K 
"^Z n S eg*5«fctfpgJZn S e g £MI&;ffi/i L*: 
t^T^So M|^5 0mW/cm 2 £-?ii5 

d>ofc e 3fe^gi:ZnSe^N8at^ 
[0 0 4 0] COHJ£^tS(CJ:o^®*u-if-^ae#: 

ax&s (7 7K) -e/<^»frs-ti:fci*o*a^j— 



< 6 > W9-8 3 0 8 6 

fc*:U ■*fcJBvvfc¥*flcu-- tf-z>* h7 
<< Zfffi (t&mm 1 1 (Dm Plla ON) HlOym, * - 
88*fllmmTfc5. n«««13tUTIi« 

if-£t- hi/^i:»tu 7 7 KTmSfi&ASrffo 

[0 0 4 1 ] H4a»fc*>d»* J: ?lc x ^O^a»«:u-1f 
-OltV>flIIthmi8 0mA (LtlMttWa&B 
70 Sjth-ei. 8kA/cm z ) T&5 e 13 4 (C^ £ frX 

9 0-18 OmA-CfcSo iliEti^l 3Vt 

ilv^: k&t>fr%> 9 

[0 0 4 2] H5J4, :^*I/-f-©7D^H 

[0 0 4 3] B6tt^O^Wfrl^— If— Sr7 7KTa> 

20 i~ 0 El6^*5VNT, (a) tlftAtil^ L # lr*WUK J: 
t> t><&VN©^ x (b) liaAti^Lfv^t^l^ 

0 ig Lffittfttt 1 0 0 H 2 -C£>£ 0 

[0044] Elects axt»L#iWj:n 
rou-if-^|g^tT^©t £o$gftt--^ 

30 fitt*4 7 3. 3 nm f+ie^««Six6o' 

[0 0 4 5] wO^W»flcU-1f-ASJB«urv^ 

[0 0 4 6] £*±oj: :©H»^l|l:J:Ji«:, i 
HZni-p Mgp Sq Sei-q ^yt-^77 K^4*S 
cfctfngJZnSu Sei-u 7l)^-^7y Kl3l:J:?) 

nfflyo^^y h-m&m&zfrzkkhi^ iszm. P 

40 Mgp Sq Sei-q -T>"^— ^ K^8*3j:t^pMZ 
nSu Sei-u T£* — K^9lc«t 9 pWCDf? 

[0 04 7] tt, niZnSe^5/7 7 |2, n^Z 
n Su Sei-u T£* — * 7 y KJB 3 * piZnS« S 

* hSl 0€rMOCVD«fe^J:9**§*SBilCT»« 
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&m.m<D&m.fc&mz> k&x%z> c ctuct-s-c, * 

<ft0. 5Ftt»S:*»«(c K-^i-Swt*5^ri|-Cfo 

^^«fttfe5NWK-AV hi LTD i -PNHSrffl 
C fc*3J:t5rt**^T«S*iBlc:*:»»«:tT 5 C £ lc 
J: 19, r-CJ-Jfi^J: 5»-NSrl 0 ,8 cm- 3 ^SSC 

[0 0 4 8] £*_tlc J: «9 , U-1f-«5tSr*«1-5 I I 
-V iM^m^fCMOCVDiSfe^V^, 
7 7 KI^V^T*^ 4 7 3. 3 n mOWi^fe"C^^TSg 
ftS CH«3t«r#i-S*i|#i»jea^^W*u— if-Sr* 

atsrtis-ets. *^f^sio, mocvd 

Wffu— 1f-^*sv^ 7 7K-CU-— !f-3§fi£itf£;L*: 

cna*ft«]T;fc£ 0 
[0 04 9]J£A_h N co$B9!o— mifeMmizoi^xMrft 

[0 0 5 0] ^tff N ±iSO*lfi^lB^^<5 iSZ n 
l-p Mgp Sq Sei-q sOIr— # y KflMttJltf i 
iZni-p Mgp Sq Sei-q KI8© 
ftbOWilfMWSMOniZni-p Mgp S 
q Sei-q -O'-*--* 7^ KJi*5J:t«S5Ftttt*ftOp 
iZni-p Mgp Sq Sei-q ^>t-^7yKi^ 

[0 0 5 1 ] ±J*O^J6^ffi{C*5(t5 iiZnS 

eft*»i5j3J:VilZn S e 7 <Dft*> 9 l£ 

*iV«XnSZ n S e**«S*5J:l5paZ n S e 

[0 0 5 2] £ blZ s ±ft<omffiMm\C3S\,*X\i. MO 
CVDfe^i^)dc* + JcTift*ffi{wRS«'.-j-S*:i LTitS 
E*ffi9^lcJ:5 iKirfflv^tv^^ C<Di»a>ft 

KEEakffi^^fcJ: 5hi^ (»*4 0 5 nm) 
^g8(«f4 36 nm) Sr/Bl^T t> <fc V\ C 

l^-f-l' «t5H3 0 8 nm©U-f-*; x KrFx 

— W-if— lz:J:5ifrg2 4 8 nm(Dl/-f-l 
X e F^^rW— if— tcj:sa*3 5 1 nmOU— 

[0 0 5 3] -hi*ojlt6^1Bfc*JVNTtt. T^ir 

^^•efciNO K-^Vhi LTD i — P NH£r 
El^-O^a*, C<DD i -PNHOftfc>9 Id. NSr^fr 
fll^tWfk^ft, ffilx.tf^ntT/ur^V' (D-BN 
H) ^-i/ty^r^y (t-BN) fciTSrEv* 

[0 0 5 4] & ti x ±T&<Dntt§M1BLlZ&\,*X\±* p§U 
n S e hll O^pfflOSffil 2^E»a>^^ 
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h LTV^d*, plZnSe^y^^MlO 

$ilf:plZnSeI (S^#FS) tpSZnTef . 
(B^S) ia**HK««SJxfcpfflZnS e/ZnT 
e^Iff^F (MQW) ^^.tT/T^-fe^^^F^i: 
LTWitfNdJ K-y$*lfcpiZnTe=^^ h« 
fcM&WIU :OplZnTe3^nill:pj|| 

70 <£>te, P lZnTe3^^Ml:(iN$:10 ,9 cm- 3 

^#MSSlt^#Sd^Tfc$ a p^Zn 
Se/ZnTeMQWitrRft5©lt p^ZnSe^ 
V* ^ FltpiZnTen>^ hH i 

Si, «*#flSfc*3V%r«W^*fc*#tt3Fil« (ft 
0. 8eV) a*£C, ^pfeil2HpSZn 

/c^^ N plZnSe/ZnT eMQWfOplZ n T 

fWplZ n S efe.tt^p^Z nT e OffilrH&GD 
IH-bOat*/^— £ — SU Lj&»fcEv>K:«pL< ft 5 J: 
5fc* plZnTelOf^piZnSea^^F 
*10HpiZnTea^^ hilC^^otMft 

^ao^-frs, pffiom^i 2 1 urti, pa 

ML P tm&£ZfAumm&&m£ti1ZPd/P t/ 

[0055] &tz. ±&<Dni&Mi&\z&\,^xm^itmffi 

30 m\<^Xh£\<\ 

[0 0 5 6] ±&<Z>mi&ffi1&lZ&\,*X}^ SCH 

fcov^RWLfctf, Z(DftWl^ DHmm (Double H 
eterostructure) 6 l — if- KaMil" 5 C 

[0 0 5 7] ±»OjHfc»ttfc:|3^Ttt. CO 

3891 I— if- fcMJB l^i^CoV NTtft^ Lit 

*>k cqsbww:, i i -v imik&to*m{t&m^iz& 

40 [0 0 5 8] 

HSWojft*] «±KWLfcJ:5fc:, co»MJcJ:S¥ 

— ^^tbfcZ ni- P Mgp SqSei-q S (titiL, 0 
<pSl^o0^q^l) fc^tt*3&s K-r*ttfcZ n' 
Su Sei-u € (IttiL. 0^u<l) klZXVm&LZ 

Ci&**M4«r»5Ci3ft5-C*5i:it>lc % ^7^K1© 
50 KW«tfc«rffi<»;i5Ci#'e#. CJx{w JioXiSttffi 
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[0059] *tL. z<D&m^£z> *&ft&±m*<Dm 

JB36rJS6fcJ:ixtf % wO^^td J: 

nW7yKl p«©^7^ K1J3J; 

Zni-pMgp Sq S ei-qBJKfl*0>*0!>3 *>V>'Ptt< 

[El 2] r.(D3BW©-*lft»1BJcJ:s*»fr^--if--o 

[SI 3] D i - PNHSrN© K— 'O* h £ LTJBv\ t>* 
o^I^CiMrfTotMOCVD&lCj: 

[04] :©|g^O- HJfe^ffitciJ:5^*fls:i — IF— £■ 
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IB 6] JtSS»tBJcJ:S^W»:u--if-Sr 
7 7 KT~'<;i>xm8bl,1zh%<n&±*'Z# h/^<om^ 

[07] ZnMgSSe(D/<yK^tyyi:ta7^t 

1 nlGaAsM 

2 n!ZnSe/<y77l 

3 niZnSu Sei-u T£^ — # 7 y VM 

4 X 8 iiZni-o Mgp Sq Sei-q 9? 
v Kg 

5,7 iizns eitmmm 
6 mmm 

9 piZnS« Sei-u T£* — *7 3>KJB 
1 0 plZn S e = y^ bm 
1 1 &&J§ 

i 2 p«ym^ 
i 3 niadm^ 
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-10 (p> pJaZnSe3>^^HB 

- 9 <p) pfflZnSJe,^ T**-*5 9 K» 
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" B (I) 19 
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